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CHAPTER ONE: INTRODDCTION 



Teachers of trade courses frequently find that their students 
have difficulty with the solving of problems associated with the 
more abstract topics. When this occurs the teacher needs to 
become a teacher of mathematics, as well as being a teacher of 
the trade concerned. 

We believe that many such difficulties arise because the 
students, in their previous courses, have become skilled at the 
various operations and processes without really understanding 
what they are doing. Their skills have enabled them to 'pass' 
examinations based on exercises with which they are familiar. 
However they have difficulty in applying their knowledge to 
unfamiliar situations such as those they meet on the job. The 
solution to the problem is to start the students thinking about 
what thei are really doing when they perform some mathematical 
skill. 

Our first objective is to illustrate how to analyse a 
matheraatical topic by identifying its component facts, skills, 
strategies and concepts. A method suitable for teaching each at 
these elements is suggested. However the process of analysing a 
topic using this or any other classification scheme should not be 
allowed to interfere with the primary consideration, which is to 
provide an adequate quantity and quality of learning experiences 
for the students to achieve adequate understanding. 

Before a trade problem can be solved mathematically it must be 
expressed using mathematical language. We refer to this 
translation process as modelling. After a solution has been 
found it has to be translated back from the mathematical form 
into everyday terms. This process is referred to as 
interpretation. 

Students frequently have difficulties because elementary 
mathematics courses emphasise the process of finding a solution. 
Students are given precisely enough information to find a 
solution. The problem cannot be solved if insufficient 
information is provided. Teachers of trade mathematics must 
consider the modelling of their problems in mathematical terms, 
as well as the interpretation of the solution, because these 
aspects may be new to their students. 
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Our second objective is to show how to incorporate this view o£ a 
problem solving process into the teaching methods, by identifying 
the modelling f solving and interpretation stages in the analysis 
o£ a problem. 

HOil TO USE THIS BOOK 

Because mathematical topics are included in a wide variety of 
courses it is unlikely that teachers will find a ready made 
solution provided for the exact problems or topics they need to 
teach. 

The material in chapters 2 to 6 is presented in a way which will 
enable teachers to identify and apply the correct principles to 
their future teaching of mathematical topics. 

Chapter two contains definitions of the terms used and a summary 
of the teaching methods suggested. 

Chapter three outlines the planning and development of a unit of 
work. 

Chapters four to six expand on the summary of teaching methods 
presented in chapter one. 

Chapters seven to nine contain examples specific to the teaching 
of particular topics. Teachers should read one of these if they 
consider that it is sufficiently related to their area of 
interest. 

After reading chapters two and three teachers should be able to 
plan their next unit of work with regard to: 

the trade context; 

the modelling solving and interpretation aspects; 
. the facts skills strategies and concepts involved; 

• the prior knowledge of the students; 

• the use of suitable examples. 

In the absence of a ready made formula for teaching everything to 
all students we believe that teachers with an interest in 
improving the quality of the learning experiences they provide 
will read the ideas presented here and use as many of them as are 
relevant. 
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CHAPTER TNO: MATHEMATICAL METHODS 



The major purpose of teaching mathematics in trade courses is to 
enable TAPE students to solve problems encountered on the job. 
In each work situation, there are many different problems to be 
solved. Each of these problems may be solved in more than one 
way. Trade persons traditionally have preferred methods 
consisting of small steps which are easily performed in a 
sequence. Mathematical methods provide an alternative for some 
of these steps r when more suitable methods are not available. 

If the appropriate approach to the problem is not stated in a 
syllabus document r a major decision to be made by the TAPE 
lecturer concerns which of the available methods to use. For 
example, problems of roof construction are solved using the steel 
square r Hancock tables, calculation, or by laying out on the 
ground at the building site. Each of these approaches uses 
different mathematical facts, skills, strategies and concepts. 
The approach selected by TAPE lecturers should be one using 
mathematical abilities which their particular group of students 
has already developed, either in school mathematics and science 
classes, in other TAPE courses or in earlier classes. 

Mathematics taught in a classroom may become divorced from the 
job context if care is not taken by the teacher to specifically 
relate the two. Without seeing the relationship, students have 
difficulties in the abstract skills learned in the classroom to 
the practical situation. Additionally, the relevance of the 
material being learned becomes less obvious to the student. Lack 
of motivation becomes a problem. Kence, mathematical skills 
should be taught in the context of a particular trade which is of 
interest to the students. These mathematical skills should be 
related to the specific job on hand by the use of trade 
terminology rather than mathematical terminology. The units of 
measurement which should be used are those which are most widely 
used on the job. 

SEASONS POR USING A MATHEMATICAL APPROACH 

Many tasks which are performed by trade persons are completed by 
drawing on the expertise and background knowledge of the 
experienced and skilled operator. Students attempting the same 
tasks may need to resort to arithmetic or algebraic calculation 
to compensate for their lack of practical experience. 



Mathematical methods o£ solving problems are frequently more 
manageable and more efficient for students than traditional trade 
methods in situations where a small calculation replaces a great 
deal of measurement. Calculation leads to the use of more 
efficient techniques, and methods which may be more easily 
understood and learned by the students. 

Trade persons relying on rules of thumb, supported by years of 
trade experience, may experience difficulties when they are 
endeavouring to teach more formal and analytical methods based on 
rules and formulae. When there is technological change, existing 
tables, rules and methods cease to be applicable, and the more 
mathematical approach can be used to generate new rules and 
procedures which are more appropriate to the new technology. 

Some areas of mathematics such as calculation, measurement, 
estimation and approximation, geometry of plan figures and 
spatial knowledge are basic to many trades. These contain many 
of the basic skill areas which students need to master, in order 
to be able to cope with the theoretical and practical aspects of 
their trade. 

THE CONCEPTUAL APPROACH 

In many situations it is desirable for students to develop an 
understanding of what they are doing, as well as to develop the 
skills for doing the job. In these situations the conceptual 
approach is justified. Most mathematical ideas are not 
difficult. If the focus of the teaching process is to develop 
concepts, students ate better able, through their understanding 
of the underlying principles, to solve unfamiliar or unusual 
problems such as those met in new job situations. 

If the mathematical elements of a trade problem are taught only 
by showing the students a formula, then using it to perform 
routine calculations, there is a greater chance that they will 
have difficulty in applying the skills in the job situation. For 
example, some students will not be able to decide when the 
particular formula is applicable. Even when the answer is 
obtained, some will not be able to relate the numerical answer to 
the job. That is, they will not be able to interpret the answer 
in terms of the decisions which they have to make in doing their 
job. 
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The following method for teaching basic concepts has been 
developed in an effort to overcome these problems . It relies on 
two beliefs. The first of these is a belief that teaching 
methods which are based on conceptual understanding are more 
effective than methods involving rote memorisation. The second 
belief is that difficulties associated with the transfer of 
skills to new problems and different trade situations are 
minimised if skills are taught in the context of particular trade 
applications. 

The comment is sometimes made that there is not enough time in 
trade courses for the development of mathematical concepts. We 
contend that if the topic is worth teaching at all, it is worth 
teaching properly. That is to say, time taken to teach topics 
without understanding is time wasted in the longterm. 

SOME OEFIHITIONS 

Recent research indicates that there are four identifiable 
elements to be considered in the teaching of mathematics. The 
four elements are facts, skills, strategies, and concepts. Three 
different methodologies are recommended, in the following 
section, for the teaching of these elements. 

Facts 

Facts are items of information which are essentially unconnected, 
and which do not follow logically from any other knowledge or 
understanding . 

Skills 

Skills are procedures which it is possible to carry out by the 
use of a routine. 

Strategies 

Strategies are knowledge or procedures that guide the students' 
choice of which skills to use or what knowledge to draw upon at 
each stage in the course of solving a problem. 

Concepts 

Concepts are connected abstract bodies of knowledge which include 
all the main features of a topic or idea. 
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NfttbMMtieal eenetptt rtpctttnt tht patttcn or. ttrueturt of tht 
MthtMtiot. Tbty My b« ■Upl« or ooapUx. For •xanplt, tha 
eenetptt of addition* Mtrix invaraion and intagcation aca all 
eoootptt of optrationa yat thay diffac in thaic natuca and 
ooup laxity. 

Centidtcation of a faw oonoapta maksa it olaac that thaca J.a a 
vtcbtl eoaponant for aaob concapt. Ma uaa worda and aymbols to 
dttocibt oonoapta. Soita of tha worda ara avacyday wocda but 
tbtct act Muiy ttohnical wocda which aca uniqua foe aach concapt. 

Tht ttttntial diffacanca batwaan facta, akilla, itcatagiaa and 
eenetptt it illuatcatad by tha axanplaa in Figuca 1. Ona axampla 
ctltvant to aach of tha tcada acaaa diacuaaad in chaptaca T, 8 
and f it inoludtd. 




Ceaee pf Anglaai linati tcianglaa. 

Ratiot (of 2 aidaa) 
8ina x^ ■ lanoth of oppoaita aida 
Itngth of hypotanuaa 

fflHts i) Sin 30O - 0.5000 (obtainable fcom calculator 

oc tablaa) 

ii) hypotanuaa ■ longaat aida 

iii) Sin x® ■ oppoaita 

hypotanuaa 



tkillt i) tranapoaing foraula 

a.g. 0.5000 ■ i .. h ■ x 

h • • 0.5000 




ii) aubatitution 

if X - 3.500 than h - 3.5000 

0.5000 
h - 7.000 



iii) intarpratation 

tha length of rafter (hypotenuse) will be 
7.00 aatcaa. 
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I) choosing trigonometry 
or pythagonus* Theorem 

or tables o£ roofing e.g .Mancock ' s Tables 

II) using trlagles to represent the roof. 



Blectrlcal 
Concepts 



i) Quantities 

current, resistance, potential difference 

11) Units 

ampere, ohm, volt 



Hi) I o< i 
R 



I - V 



Facts 



i«e« Current varies Immersely as resistance 
based on concepts for V, I, & R« 

i.e. doubling resistance effectively halves 
the current* 

i) -TLis the symbol for 'ohm' 

ii) Resistance is measured in 'ohms' 



Skills 



i) transposing I » V 

R 



I.R 



ii) Substitution 

ifl»3, V=12 RsX « ii 

I 3 



Strategies 



iii) Interpretation Resistance is 4 ohms 

i) Drawing a 'Circuit Diagram' to represent the 
situation 



ii) Let ^3 resistances 

R2 



R3 

^lm^ 
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Foundry 



Concepts 



Facts 



Skills 



Strategies 



i) symbols (pronumerals e.g. x, ^, z) 

ii) operations (X^ +r -) 

iii) parts, wholes 

iv) ratios/proportions 

v) percentage 

i) % represents percentage 

ii) 1% is equivalent to 1 th. part 

100 

i) transposing a formula 

ii) substitutions 

i) use algebraic symbols 

(pronumerals) e.g. x, y, 9, d 



ii) set up equations 

iii) solve simultaneous equations. 

Figure 1. Examples of facts, skills, strategies and concepts 

Concepts, facts, skills and strategies are closely interrelated. 
Confusion can result when we attempt to illustrate each of these 
things. The ideas are important while the distinctions between 
them are not. 

When we meet a new topic for the first time we are introduced to 
new concepts and old ones, an introduction to the study of 
weather, for example, brings discussion of old concepts of hot 
and cold, wet and dry, and the like. We then meet whatmay be new 
concepts such as summer (hot and dry in Western Australia) and 
winter cold and wet in Southern Australia) . 

Once the concepts have been developed and the new student has 
mastered the language involved. The ideas can be stared away as 
facts, e.g. It is cold and wet in Melbourne in the winter. 

The objective of the TAPE lecturer should be to teach the topic 
in ways which will connect the new information to the students* 
existing conceptual structures. 
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TEACHING METHODOLOGIES 



The same methodology is recommended for teaching facts and 
skills. It consists of two parts: 

establishing understanding of the fact or skill by 
connecting it with the students* previous experience; 

increasing the students' familiarity with the fact or skill 
with drill and practice to improve the fluency and 
confidence of their application of the newly acquired 
abilities* 

When strategies are being taught; 

the students should practise solving problems related 
directly to the trade concerned; 

investigations of all the available strategies should be 
conducted to illustrate which lead to solutions of the 
problem and which do not* 

Projects related to the job enable students to approach a problem 
confidently and with the expectation that at least one solution 
exists and can be found* 

When concepts are being developed: 

* discussion is the essential feature of the methods used 
because of the verbal nature of the mathematical ideas being 
presented; 

the students' existing concepts should be informally 
evaluated and any apparent weaknesses should be investigated 
further and if possible corrected through discussion; 

discussion of concrete practical examples and materials 
.should lead to the development of abstractions; 

* discussion of familiar situations should precede discussions 
of unfamiliar situations; 

the TAPE lecturer may use a site visit , hands on experience 
or excursion to introduce a group of students to a new trade 
situation; 

homework and practice exercises should be constructed with 
the objective of developing concepts; 
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tests should be constructed to ensure that the items measure 
understanding and not just recall of facts which have been 
memorised. Students should be required to explain their 
answers. Care should be taken not to make the tests too 
difficult to read; 

conflicts of understanding should be resolved through 
discussion and illustration. 

The appendix contains a scheme for classifying resources which 
might be of use to TAFE lecturers. 
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CHAPTER THREE: THE TOPIC PLAN 



There are six aspects of preparation which TAFE lecturers might 
consider when a plan for the teaching of a mathemat jcal topic is 
being developed. These are: 

the context in which the mathematics will be applied; 

the modelling, solving and interpretation which must be 
done ; 

identifying the facts, skills, strategies and concepts which 
the students are to develop; 

• assessing the prior knowledge .which students have about the 
new topic; 

• choosing suitable examples for use in explaining the topic; 
planning lessons. 

CONTEXT 

School maths is frequently taught out of context in that the 
practical application, the mathematics is not considered. Hence 
the first consideration in developing the topic plan is to 
determine the context in which the mathematics will be applied. 

When the mathematical topics are being taught as they are needed 
in an integrated course, the context is immediately obvious. The 
mathematical skills should be taught in this context, using the 
units which are commonly applied on the job, and using the trade 
and technical terms which are commonly used in the industry. 
When the mathematical topics are being taught as a separate 
mathematics subject, independently of the trades to which thei 
will be applied, the TAFE lecturer should choose examples 
relevant to these trades. 
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For example, in a case where cottage construction is the context 
in which the mathematics will be used by some o£ the students, a 
commonly used pitch and a realistic span should be chosen. Trade 
terms such as pitch, rise and run should be used in the 
calculations instead of symbols such as the letters o£ the Greek 
alphabet, which are commonly used in secondary schooJ mathematics 
classes. When the standard unit used in the industry is 
millimetres, the problems should be specified in millimetres. If 
conversions must be made frequently between metric and imperial 
units of measurement, examples requiring this skill should be 
included . 

Mathematical knowledge should be related to the students* 
experiences and to their current work needs. When mathematical 
knowledge is presented to students in context as a tool rather 
th?n as an end in itself, two benefits are expected. Firstly, 
le^r^t problems should be encountered by the students in 
transferring their mathematical knowledge to the job on hand. 
Secondly, students should be able to see the direct relevance of 
the mathematical knowledge to their trade, and be motivated to 
learn and apply the mathematics. 

MODELLING, SOLVING AND INTERPRETING 

The second consideration in developing the topic plan is to 
identify the modelling, solving and interpretation which the 
students must perform in order to arrive at a correct 
mathematical solution to a practical problem. In order to 
recognise these stages, TAFE lecturers should work through each 
problem in the same way that they would expect the students to 
proceed. The problem should be solved using onl^ the knowledge 
which the students would be expected to use. For example, the 
students may be required to estimate the length of timber needed 
for each o£ the common rafters in a roof. This requirement 
determines the particular ' model to be used. 

The modelling stage involves a translation from the job situation 
to the "artificial* abstractions used in the mathematical 
process. Modelling need not involve the drawing of diagrams or 
the construction of scale models. These types of strategy are 
applicable to the particular roofing example which follows. 
However the mathematical model for the metallurgy problem in 
Chapter 9 is a pair of equations. In the construction of a 
building, the roof is first modelled as a simple drawing, as 
shown in Figure 2. 
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Figure 2. Roof section 

Secondly^ it is modelled as a triangle^ as shown in Figure 3. 




Aun OK hali 6pan [2.8 m) 



Figure 3. Triangle model 

It is important for the students to take as many such steps as is 
necessary for them to be able to visualise and understand the 
relationships between the real roof and the drawings of it. If 
the students are able to do this well^ the interpretation stage ^ 
which comes later ^ will cause them fewer proL^^ms. Students must 
recognise^ for example that the hypotenuse of the triangle in 
Figure 3 is not parallel to the centre line of the rafter* 
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School mathematics is not based on solving practical problems. 
Students are usually given no more than the necessary amount o£ 
Information to solve a problem. Hence TAPE lecturers need to 
show students how to extract the appropriate Information from the 
job situation. 

The solving stage involves the calculation of an abstract 
solution from the model. 

This will be correct Ifr and only If: 

the model Is correct In that It adeguatv^ly represents the 
real situation; 

the solving process is performed correctly. 

For example, to find the length of the common rafter, the solving 
stage might be: 

cos 30 « 2^8 

rafter length 

so the raftcir length = 2.8 

cos 3U 

that is rafter length = 3.233 (by calculator, or tables and 

division) . 

The interpretation stage involves the translation and 
interpretation of this abstract solution back to the form 
required on the job. As this stage is not emphasised in school 
mathematics courses, TAPE lecturers roust be aware of the need to 
teach it. Por example, the triangle used in the second step of 
the modelling stage has been drawn so that the length of its 
hypotenuse is greater than the length of the timber required for 
the rafter. 

It can be seen from Pigure 4 that while the solution above is 
mathematically correct the result would be wrong if it was used 
to mark out the cuts on the piece of timber, without reducing the 
rafter length to allow for half the thickness of the ridge. 
Pigure 4 illustrates the relationship between the sketch in 
Pigure 2 and the triangle in Pigure 3. The solution must be 
interpreted accordingly. 
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Figure 4. Position of hypotenuse 

This example shows the importance of modelling. If the model is 
inadequate the answer will be wrong even if all the solving steps 
are done correctly. If the modelling and interpretation are 
recognised as distinct stages of the mathematics, problems such 
as this are easier to discuss and avoid. 

The interpretation stage should also involve the estimation of 
the answer to check the correctness of the calculation. If 
should also be noted that when the skill of estimation of 
approximate answers is being taught it may be better to estimate 
the answer before the calculation is made. However, in this case 
estimation is being used as a tool to assist the students to 
interpret their solutions, so it is more logical to do the 
calculation first. TAFE lecturers should insist on estimations 
being made, either before or after calculating, particularly if 
students are using calculators. 

At this point, it should be noted that there are better methods 
than calculation for the actual measuring and marking out of the 
rafters. However, it is not necessary to go through this marking 
out process to obtain an accurate estimate of the length of 
timber required. 
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IDBNTIFYIHG FACTS, SKILLS, STBATE6IBS AND CONCEPTS 



The third consideration in de^^eloping the topic plan is to list 
the mathematical facts, skills, strategies and concepts which the 
students will need to develop. I£ the topic is an unfamiliar one 
for the TAFE lecturer, the list of the facts, skills, strategies 
and concepts might be developed by discussion with other TAFE 
lecturers, by consultation with a specialist mathematics teacher, 
by consultation with a manufacturer or supplier of the materials 
being used or by reference to a suitable text or reference book. 
If the topic is familiar the facts, skills, strategies and 
concepts are listed while working through an exercise. 

Continuing with the example used previously, the list of facts, 
skills, concepts and strategies needed to solve the problem 
includes the following: 

Facts 



Meanings for: 



pitch, rise, half span and rafter; 

definition of the ratio of two sides of a triangle; 

definition of cosine. 



Skills 



finding the ratio of 2 sides by division; 

finding the cosine of an angle from calculator or taSles; 

transposing equations; 

use of calculator; 

drawing mathematical diagrams; 

use of division algorithm; 

finding an estimate of the answer. 



Strategies 



progressively simplifying the diagrams in stages to select a 
good mathematical model; 

selecting an appropriate trigonometrical ratio; 

selecting the best sequence of operations for solving an 

equation. 



Concepts 



knowledge of roof structures as one or more triangles; 
knowledge of trigonometrical ratios for finding lengths and 
angles; 

knowledge of interpretation of solutions in terms of the 
job. 
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The students' prior knowledge must next be assessed to determine 
which facts, skills, strategies and concepts need to be 
developed. 

PRIOR KNOWLEDGE 

The fourth consideration in developing the topic plan is to take 
into account the prior knowledge which the students have of the 
new topic. There are two aspects of the prior knowledge of the 
students which TAFE lecturers should consider. 

Firstly, some students in the class might have a sound working 
knowledge of the facts, skills, strategies and concepts to be 
taught. Teaching the topic concerned to this group would be 
unnecessary. It would probably cause confusion to re-teach the 
topic to this group particularly if the approach used for the 
second time differed significantly from the previous one. 

Secondly, some students in the group might lack some of the basic 
facts, skills, strategies or concepts on which the topics to be 
taught are based. Hence, TAFE " lecturers need an informal 
diagnostic procedure to identify those areas where pre-requisi te 
facts, skills, strategies or concepts need to be developed. 

In some cases, the prior teaching of mathematics to the students 
will have been based on memorisation of facts including terms, 
notation, algorithms, formulae and the like. This rote learned 
material can only be usev2 when the task to which it is being 
applied is similar to the actual tasks performed during the 
learning period. • Hence, TAFE lecturers have the problem of 
distinguishing between this "superficial grasp of mathematics and 
the real conceptual understanding which is needed for the 
students to be able to apply the mathematics to their trade. 
This has implications for the type of diagnosis to be performed. 

When school mathematics is taught by rote memorisation, the 
teacher introduces successively more complex problems to the 
students until all the situations which are going to be tested 
have been covered. The students memorise standard responses to 
the standard types of question which they are asked. If the 
assessment instruments also contain these standard types of 
question the students can obtain high test scores without having 
any real knowledge or understanding of the topics concerned. 
They will probably not be able to apply the mathematics to 
differing trade contexts. It follows that TAFE lecturers should 
not perpetuate this myth of competence by continuing to use the 
same standard types of question which have been used in school. 
If test instruments containing standard types of items are used 
for diagnosing the students' prior knowledge, there is the danger 
that recall of standard responses will be misinterpreted as 
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indicating that the students understand the topic and can apply 
it. Kence, i£ written tests must be used, the questions should 
require students to explain their working fully. • 

It is recommended that TAFE lecturers base their decisions on: 

direct contact with individual students; 

informal discussions or other sources of information to 
confirm the findings of any written tests used; 

listening to oral answers to oral questions; 

. observing students' oral and written attempts to solve 
practical, problems related to the trade; 

. the students' ability to explain their understanding of a 
topic in their own words, with their own diagrams and 
symbols, or with the terms and symbols used in the trade. 

A sound method for evaluating students' understanding if the 
group is small enough, is to set them talking about the topic 
concerned. The discussion will reflect the comprehensiveness and 
accuracy of the students' thinking. 

When the prior knowledge of the students has been established the 
topic is planned accordingly. Understanding of the topic is then 
based on what the students have already learned at school. 

CHOOSING AN EXAMPLE 

The fifth consideration in developing the topic plan is to choose 
suitable examples based on the trade being taught, to use for 
teaching the topic. 

A simple concrete example should be chosen first. It should use: 
small numbers; 
whole numbers; 

numbers, or values » which give rise to whole number answers 
where possible; 

common units of measurement where these help the studerit 
form the concept; 

. no units of measurement if they are complex and if they can 
be avoided during the initial stages. 
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This is done as an aid to understanding, and not necessarily as 
an aid to calculation as most TAPE students possess calculators. 
For example, it is easier to understand the theory of Pythagoras 
using a triangle with sides of 3, 4 and 5 than using any other 
triangle, as the squares can be counted easily. This triangle is 
illustrated in Figure 15, p. 42. 

If roof construction is the topic, simple concrete examples such 
as those in Figure 5 could be used. 




fta^tzfL num., OK 
haii ipan 

n 




nuitiA fum, on. 
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X 



Figure 5. Simple exampl.i 
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fiMffHT fyUMZM 



Tb« slith oonsld«r4tion in d«v«loping tht topic plan it the 
writing of Usaon plans. Th« nature of these will, of course, be 
d«ttcaln«4 to a large extent by the teaching style of the 
pactleular TAFl lecturer. Bowever, the number of lessons 
•VAlUble to the lecturer, the type of resource materials 
AvalUblt and other similar types of constraint will also have an 
InCluonoe on the nature of the lessons. 

fhm structure of a typical lesson might bei 
ImtgodMotlon 

NotlvaU the students by putting the mathematics in a suitable 
000 teat. 

ze tho Mitbematlos Is being Uught In a trade class, show how the 
■atbaaatlca la uaed to aolve a trade problem on the job. 

ze the Mitlieaatloa la being taught Independently of a trade, show 
applloatlona In tba areaa of Interest to the students. 

frmrmmiimif Ifjutlmdom 

TOat tba atudanta* knowledge of any material which will be needed 
for tbaa to under atand the new topic. 

It tba group la aaall» or can be organised Into small groups, use 
Informal aasesamant procedures such as observation and 
dlaouaalon. 

Zf tba group la large uaa a teat Instrument which measures 
undaratandlng of the concepta as well as recall of standard 
far;ta. 

TViaeb tba prerequlalte material If thla Is found to be necessary. 

Fraaaat tba new £acta» akllls» strategies and concepts in 
wbatawer order la logical. The beat order will depend on the 
topic being taught and on the teaching style of the tape 
laoturar. 

Praaant tba new facts and akllla first, using the 
•IVIBI ^^ZMSntOCT m KBCORD — »>APPLY 
■atbod daacrlbad In Cbapter 4. 
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For example: 

!• Ask the students to define COS and to explain how to find a 
cosine. 

2. Explain the material as necessary, working an example. 

3. Summarise the topic for the students if they are unable to 
develop their own summaries.* 

4. Set some practice exercises. 

5. Discuss cosine to evaluate. Have the students explain what 
they are doing. 

Present the strategies using an investigation as described in 
Chapter 5. 

For example: 

1. From a plan or sketch extract the required information and 
write expressions for the sin cos and tan of appropriate 
angles. 

2. Select the easiest equations to solve. 

3. Discuss and record the successful methods, such as selecting 
equations with one unknown quantity, preferably in a 
numerator or as the subject of the formula. 

Present the concepts using the method: 

WORKSHOP ^ DISCUSSION 
EXPERIENCE-^ AND ANALYSIS • 

Re-present and review the concepts using the method: 
GENERALISE ^ RECORD ^ APPLY 

as described in Chapter 6. 
For example: 

1. Discuss a three dimensional roof scale model, or a set of 
photographs of partly completed houses to develop the 
concept of triangle usage in roofs. 

2. Describe the features common to all roofs. 

3. Sketch the triangles to be used for the calculations. 

4. Apply the concept using plans or sketches or by making 
calculations related to the live work or work experience 
which the students have done. 
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Conclusion 



Summarise the new topic and test the students i£ this is 
appropriate. If discussion was used extensively don't let the 
students guess at the correct answers. Spell out the solutions 
£or them. 
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CHAPTER FOUR: TEACHING THE FACTS AMD SKILLS 



Before the teaching of facts and skills begins, the TAPE lecturer 
should determine which facts and skills the students already know 
and which they will need to be taught. This process is described 
below as a REVIEW. It is particularly important since there is a 
great deal of variation between TAPE students and between TAPE 
classes. This information about the students could be gained by 
informal written testing or by informal discussion and 
observation procedures. It is used to decide where to begin 
teaching. This evaluation procedure serves as a revision session 
for those students who are already familiat with the particular 
fact or skill. 

If the students lack a fact or a skill, the method described in 
this chapter is suggested. The same teaching method is 
appropriate for introducing both facts and skills. If the 
students lack a concept or strategy, one of the methods described 
in the following chapters is applicable. 

METHOD FOR TEACHING FACTS AND SKILLS 

The following teaching process is suggested: 

REVIEW m INSTRUCT ► RECORD » APPLY 

This should be done to establish, for each student, the basic 
understanding ' of the fact or skill. 

During the INSTRUCT section of the process of teaching, the 
objective of the TAPE lecturer is to establish inter-connections 
between the new facts and skills and the students' previous 
experience. The new information should be explained in terms of 
what the students already know and understand. ' The methods of 
explaining the topic should be based on the methods previously 
used by the student for solving related problems, if these are 
known from the review. 
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During the RECORD section of the process, the students should be 
encouraged to write the new information in their own words. The 
TAPE lecturer should take care that the verbalisations of the 
students are correct as an error of expression can lead to 
misunderstanding and to confusion at a later time. Students may 
need to be given a summary of the topic particularly if the group 
is large. However, they should be encouraged to write their own 
summary first. If they can do this, they are less likely to be 
relying on memor isatioa, and more likely to have developed an 
understanding of the new fact or skill. 

During the APPLY section of the process the fact or skill should 
be practised and reinforced. 

Firstly, a variety of 'drill and practice' activities or 
exercises should be used to increase fluency with the new fact or 
skill. Computer programs may be used as one method of drill and 
practice. For example, a variety of hardware including Apple II, 
TRS-80, Atari, Sanyo and others is supported with 'drill and 
pr,actice' software. TAFE lecturers could consider modifying 
these programs to make them suitable for trade students. 
Alternatively, new software could be developed for trade 
applications. 

Secondly, an evaluation should be conducted by asking questions 
about the topic. This evaluation, as before, should be such that 
students' memorisation ot the material is able to be 
distinguished from genuine understanding of the subject. 
Students should always be asked to explain the lessons in their 
own terms, either as written answers or orally. If many facts 
and skills are being introduced, over testing is avoided by 
evaluating informally . 

E3CAMPLBS 

In the roofing example used previously, some of the facts which 
were identified were the meanings for: 

. pitch, rise half span and rafter; 

definition of the ratio of 2 sides of a triangle. 

One of the skills discussed was the transposing of equations. 

A method of teaching these facts and skills is presented in the 
following sections. 
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Review 



The students' prior knowledge of these facts might be evaluated 
by asking them to sketch a roof and label the pitch r rise, 
half-span and rafters. If the group was small enough, a 1/10 
scale building could be used instead of a sketch. Students could 
be asked to indicate a triangle on the 1/10 scale building and 
explain what is meant by the ratio of two of its sides. The TAPE 
lecturer should be aware that some students who do not understand 
that the cosine of an angle is the ratio of two sides of a 
triangle are able to repeat verbatim the information that cosine 
is adjacent over hypotenuse. Hence , this type of statement 
should not be accepted as evidence of understanding without 
further questioning of the student. 

The evaluation of the students' prior knowledge of skills is 
similar. As an example, the skill of transposing equations is 
required in the roof construction context. To evaluate the 
students' prior knowledge, they would-be asked to explain how to 
solve equations such as: 

cos 30 = 1.7 

rafter length 

Students with a superficial grasp of the mathematics and little 
or no real understanding will attempt to explain how to do this 
using such words as 'transpose' or 'cross multiply'. They will 
be unable to explain how or why their process works. Students- 
who understand equation solving will be able to explain that: 

cos 30 is a number determined by the size of the angle; 

1» 7 is the same number; 

(rafter length) 

. multiplying both sides of the equation by the number 
(rafter length) preserves their equality; and hence 
cos 30 

rafter length is 1.7 

cos 30. 

Instruct 

The meaning of the ratio of two sides of a right angled triangle 
could be explained as an extension of the students' existing 
ideas of fractions or of division. During the INSTRUCT section 
of the teaching process, the students should be taught that: 
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there are three commonly used ratios of pairs of sides; 

the ratios provide an alternative measure of the sizes of 
the angles; 

the sides may be given names to identify them. 

Simple ratios such as those in Figure 6 would be calculated by 
the students who would then discuss the relationships between the 
angles and the ratios. 
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Figure 6.. Relationships between angles and ratios 

By discussing examples such as those in Figure 6, students are 
introduced to the notion that some ratios become larger and some 
become smaller as the particular <^ngle of the triangle is 
increased. 



The names used to describe the sides should be both the 
mathematical terms which the students know from school, and the 
terms used in the trade. 
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A suitable example to illustrate the terms which would be used in 
roof geometry is shown in Figure 7. 




6ldt adjacznt to 
45' hali ^pan 



Figure 7. Terms 

Record 

Students should RECORD the new facts in their own words if 
possible. The TAPE lecturer might then provide summaries such 
as: 

sin (pitch) = roof rise = side opposite pitch 

rafter length hypotenuse 

to enable the students to check the correctness of their own 
verbalisations. If students experience difficulty in expressing 
the ideas in words they should construct diagrams such as the one 
in Figure 7. 

Evaluation and application using practice examples should follow, 
after the students have recorded the new information. Students 
would need to practise the writing down of ratios and the 
identification of the various sides including the hypotenuse and 
the sides opposite and adjacent to the specified angle. 

Their knowledge of the new information is applied and evaluated 
by discussions held individually or as a group. These 
discussions might be based on observations made during a site 
visit or during the viewing of a film, film strip, video-tape or 
35mm s-lide presentation and could involve drawing exercises or 
practical work. 
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CHAPTER FIVE: TBACHIHG THE STRATEGIES 



One cause of concern to TAPE lecturers is the inability of some 
students to demonstrate the mathematical reasoning, intuition or 
insights necessary for them to become competent at applying their 
knowledge to trade contexts. These students may have mastered 
the mathematical notation, terminology and algorithms necessary 
for them to have passed school mathematics courses. Some of them 
have learned their mathematics by rote memorisation and still 
lack the necessary concepts. This is discussed in the following 
chapter. Other students may have developed the concepts but not 
learned the strategies necessary for efficient solution of 
problems. 

METHODS FOR TEACHING THE STRATEGIES 

Informal evaluation methods, such as asking students to work 
through an example, or oral questioning, should be used to 
determine the students' prior knowledge of the strategies. 

If the students are familiar with the strategies, they will need 
only a brief review. The the method of providing them with a 
variety of practical exercises should be used. Xhe strategies 
needec' to solve practical problems are then explained as they are 
encountered by the students. Hence, students should be provided 
with a variety of practical exercises. The range of exercises 
should be such that all the necessary strategies are illustrated. 

If the students are not familiar with the strategies the 
alternative procedure of using a mathematical investigation is 
recommended. The students should be encouraged to carry out a 
range of mathematical investigations to determine which skills 
lead to successful solutions and which do not. This approach is. 
more theoretical and time consuming than the first. If it is 
used the students need at least one practical trade exercise to 
assist them in the transfer of their newly learned strategies to 
the contexts in which they are to be applied. 
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EXAMPLES 



In the roofing example used previsouly, one o£ the strategies 
which was identified is the selecting of cosine rather than sine 
or tangent as the appropriate trigonometrical ratio for finding 
the length of a common rafter. Another strategy used is the 
method of selecting the tan of the pitch to use when finding the 
roof rise. 

If these two strategies are to be taught by the method of 
providing the students with a variety of practical exercises, an 
assignment sheet could be prepared. Students would be required 
to calculate the roof rises and the common rafter lengths from 
several plans. Each would have a different span and pitch of 
roof specified. The first example on the assignment sheet might 
be worked in class to illustrate the method to be used. Students 
would then practise the strategies using the remaining exercises. 

If the two strategies are to be taught by a mathematical 
investigation, the assignment sheet might have only one plan. 
For example a span of 6.8 metres and a pitch of 30 degrees would 
be specified. Students would be required to: 

model the situation as a triangle; 

write equations using as many trigonometrical ratios as they 
know; 

substitute the known quantities into the equation; 

use their answers to explain how to select the best ratio 
for finding the roof rise and rafter length. 

A typical student's answer might be as shown in Figure 8. 
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From the diagram, it can be seen that: 



sin 30 = roof rise 

rafter length 

cos 30 » half span 

rafter length 

tan 30 = roof rise 
half span 



and that: 

0.50 s roof rise 

rafter length 
0.85 = 3.4 

rafter length 
0.59 = roof rise 
3.4 

Prom this set of equations it can - be seen that the second 
equation which uses the cosine ratio can be easily used to find 
the rafter length. It can also be seen that the third equation 
which uses the tangent ratio can be easily used to find the roof 
rise. 



Figare 8. Student answer 



REVIEW AND CONSOLIDATION 

After such an investigation is made it is necessary to relate the 
strategy to the trade context. Students should be required to 
work some trade related exercises which require a knowledge of 
the strategy. 

It is usually necessary to teach strategies after students are 
familiar with the facts, skills and concepts. Hence the teaching 
of strategies provides an opportunity for the TAPE lecturer to 
provide a review and overview of the entire topic. The use of 
trade examples also provides the opportunity to review the trade 
terminology and to relate the mathematics back to this context. 
A summary of the whole topic helps the students to remember the 
strategies they have learned. 
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CHAPTER SIX: Tl ACHING THB COHCEPTS 



As with the teaching of facts, skills and strategies, the first 
step in the teaching of concepts is to determine what the 
students already know about the new concept. If the mathematical 
concept is being taught in the context of the particular trade, 
the TAFE lecturer will be aware of the students' knowledge of 
technical or trade terms relating to that concept, otherwise the 
students' knowledge of the context in which the concept is to be 
taught should be evaluated. 

Informal evaluation strategies are suggested rather than formal 
tests. Activities such as discussion, observation of the 
students' performance on relevant practical tasks, and oral 
questioning should be used to determine the students' prior 
knowledge of the concept. TAFE lecturers should be careful not 
to interpret accurate recall of notation, definitions and 
algorithms as indications that the student has developed an 
understanding of the required concepts. while time permits the 
students should be required to explain the reasons for and the 
implications of every statement that they make, to ensure that 
they are not repeating verbatim, without understanding, some of 
the formulae they have memorised. 

METHOD FOR TEACHIHG THE CONCEPT 

If the basic understanding of the concept is lacking, the 
teaching process suggested is: 

WORKSHOP ► DISCUSSION 

EXPERIENCE «^ - ■ . & ANALYSIS 




GENERALISE ► RECORD ► APPLY 

The first section of the process: 

WORKSHOP EXPERIENCE ^ ^ DISCUSSION & ANALYSIS 

is concerned with developing the new concept. 



O 33 

ERIC 37 



The second section of the process: 

GENERALISE ►RECORD ►APPLY 

is concerned with representing and reinforcing the concept. 

When the TAPE lecturer finds that the students are familiar with 
the concept required, the first section of the model may be 
omitted to avoid unnecessary repetition which could bore the 
students and waste valuable time. The application of the 
teaching process is described in the following section. 

DEVELOPING THE CONCEPT 

The authors of this paper believe that where concept development 
is the objective r concrete experiences should lead to 
abstractions, a study of particular cases should lead to 
generalisations, and the students' existing knowledge should be 
extended to enable them to understand new situations. 

NORKSHOP EXPERIENCE 

During the WORKSHOP EXPERIENCE section of the process the 
students should be provided with practical exercises which 
illustrate the concept and which use as many of the students' 
senses as is practicable. This practical experience provides 
them with concrete examples on which to base their thinking about 
the new concept. 

DISCUSSION AND ANALYSIS 

When the new concept has been presented in this way, the 
DISCUSSION AND ANALYSIS section of the process is used to provide 
immediate feedback on the meaning of the practical experience, 
and to introduce the language and terminology associated with the 
new concept. Discussion is very important in the learning of 
many mathematical concepts because of the essentially verbal 
nature of the concepts themselves. A variety of problems and 
exercises should be used in the discussions and analysis 
sessions, and these should relate to the trade. The sequence of 
workshop experiences followed by discussion and analysis of the 
observations is repeated as many times as is necessary for the 
jtudents to be able to specify and quantify the relationships 
..nvolved. 
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GBNERALISB REPRESENTING AND REINFORCING* THE CONCEPT 

After the students have developed an intuitive idea of the 
relationships involved through experiences involving a number of 
particular cases in the workshop^ the concept should be stated in 
general terms • This is the GENERALISATION section of the 
process. Prom a knowledge of the particular workshop experiments 
the students should develop an understanding of the rules ^ laws^ 
algorithms^ and principles involved. Discussion activities 
should be used^ although TAPE lecturers should not hesitate to 
provide the answer s^ particularly for the more abstract concepts. 
TAPE lecturers should act as interpreters and translators of the 
most abstract concepts into terms which are meaningful and 
familiar to the students. Students should be required to explain 
the rule^ law^ algorithm or principle in their own words in 
addition to being required to explain that same rule, law^ 
algorithm or principle using correct trade terminology and 
technical notation. 

The units of measurement should be considered at this stage. If 
they were omitted to simplify the development of the concept they 
should now be introduced and related to the practical context 
discussed above. If they were not omitted previously, they 
should be discussed again and related to the particular concrete 
examples being used. 

RECORD 

During the RECORDING section of the process, students are 
encouraged to represent the concept in their own words, or by 
using symbols. A formula or rule is the result. This verbal or 
symbolic representation of the concept is done orally or in 
written form. 

Slower working students may need to be given a summary of the 
topic including the correct terminology and units, but it is 
preferable for the TAPE lecturer to refine students' work and 
correct any errors in the students' efforts before presenting 
them with a summary. Particular care should be taken to check 
that the verbalisations made by the students are correct to 
prevent difficulties occurring at the application stage. 
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Ourliif tb« A»PLZCATZOM taotlon o£ th« pcoo«tt, tptcific •xampUt 
froa th« trad* situation should b% workod through by th« TAFE 
Isotuffsr to givo th« studonts an ovorviaw of the wholo tctna, and 
MM insight into tho uss of tho concopt. This application 
MOtiM ean alM bo usod to ovaluato tho studontt' grasp of tho 
eoMopt. Nbon studonts aco applying a now conc«pt» thoy should 
b% csquictd to ssplain ths rsasons for thsir actions at svsry 
oppoctttnity. Ths TAII Isctucsr should taks stops to croato thosa 
oppertunitiss as fcsqusntly as is practicablo. In this fashion, 
tiM tkn iMtucsc can snsucs that ths studsnts havs for mod a 
ooneopt and aco not siaply MMrising tho Mtorial without the 
MoeSMcy understanding of what they are doing. 



Xa tbo roofing esaaple used previously » one of the concepts which 
WM identified is knowledge of trigonoMtrical ratios for finding 
Ungtbs Md angles. It is assuMd that the prerequisite facts 
Md skills ooncerned with the use of the trigonoMtry have been 
taught. 

The inforMl evaluation techniques which were described 
previously should be used to determine the students' prior 
kaawladge of the concept of trigonoMtrical ratio. During this 
process* the students should be requited to explain the reasons 
for thoir answers. This approach is easier than the alternative 
whieh is to eontruct a test out of itoM which are all unfamiliar 
to all of the students. 

wontm» manamcM, oucosszoh md multsis 

If the TAPI lecturer considers that the basic understanding of 
tho eoBMpt is lacking, the NORKSBOP EXPERIENCE, DISCUSSION & 
AMMiYSIS Mthod should be used. This is done using practical 
eserciMS and discussion.- Model buildings, photographs or plans 
aight be used. Students could be given hands-on experiences, for 
esaaplo in locating, Mrking and Masuring the triangles used on 
a Male aodel of a building, on a plan, or on a photograph of a 
partially constructed roof. The fora of the roof might be 
constrMted by attaching string, or masking tape, to a 
cube-shaped frsM such as the one illustrated in Figure 9. 
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Figure 9. Nboden cube 

The concrete work and discussions are continued until each 
student is able to visualise and indicate the geometrical shapes 
within the roof which they are going to use, and to describe 
which lengths and angles they know and which must be calculated. 

GENEBALISB 

Prom the understanding of the geometry which they have developed 
using resources such as models, photographs and plans, the 
students should illustrate on a perspective drawing of a roof, a 
GENERALISATION of the particular structures involved, and of the 
information known and required. 
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Figure 10. Roof diagram 

On diagrams, such as Figure 10 for instance, the students should 
be able to indicate that length 'A' divided by length 'B' gives 
the cosine of the angle 'C. They should be able to explain that 
angle C and length A are known from the plan or specifications, 
and that as a result this equation has only one unknovm quantity. 
Hence, the length B may be found by solving. If they can explain 
their working in this fashion they will be able to transfer their 
knowledge to other situations. 

RECORD 

Students should RECORD all the trigonometrical ratios they have 
learned. For example, a student might include in his notes 
verbalisations such as: 

. tan (pitch) = rise/half span; 

sin (pitch) s rise/length of rafter. 

It is important to check that the notes made by individual 
students are both correct and understood by the students. 

APPLY 

In the APPLICATION stage of the teaching process a complete 
example should be worked both by the TAFE lecturer and by 
individual students. This serves also as an overview of the 
whole concept. 

The roofing example is discussed in greater detail in the 
following chapter. 
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CHAPTER SEVEN: ROOFING. APPLICATIONS 



The material in this chapter will be of interest to two groups of 
teachers: 

1. Those who teach or have an interest in roofing geometry; 

2. Those seeking further explanation of the ideas expressed in 
Chapters 1 to 6. 

It is suggested that teachers read whichever of Chapters 1, 8 and 
9 most closely resembles the subject they teach. 

When measuring roofing work there are three lengths which are 
commonly required. These are the length of the common rafters, 
the rise of the roof and the length of the hip rafters. The 
length of the common rafters is used, for example, to calculate 
the area of tiles on the roof. The rise of the roof is used to 
calculate the length of the hip rafters. Students frequently 
encounter problems in visualising the position of the hip. rafter 
because it is inclined to the horizontal at an angle less than 
the pitch of the roof. In this chapter, the modelling, solving 
and interpretation stages which should be considered when 
teaching this topic are identified. The mathematical facts, 
skills, strategies and concepts are identified and discussed. 
One method for teaching the mathematics in trade context is 
outlined. 

CONTEXT 

It should be remembered that the method presented here is not the 
only possibility. However, its use is advocated in the belief 
that methods based on concept formation give rise to better 
results than methods based on memorisation. Well developed 
concepts, for example, will enable the students to apply their 
knowledge to the wide variety of similar situations which they 
will encounter in practising their trade. 



It should also be remembered that i£ a different approach to the 
trade topic is used, different mathematical facts, skills, 
strategies and concepts will be Involved. The approach used and 
hence the facts, skills, strategies and concepts needed should be 
decided after consideration of the mathematical background of the 
students. An approach based on mathematical ideas which are 
familiar to the students will then be chosen. Other factors 
which should be considered Include the locally preferred methods, 
the stage which the students have reached in their course, and 
the ways the students have been taught the mathematics in 
previous courses. 

ANALYSIS OF THE TASK 

The modelling solving and interpreting stages which the students 
are to follow should be specified next. An example follows. 

MODELLING 

In a case where the students are not familiar with the 
construction of a pitched roof, the roof might be represented as 
a perspective as shown in Figure 11. 



kip naitVi 




Figure 11* Roo£ perspective 
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A section through the roof as illustrated in Figure 12, is 
important to assist the students in interpreting the solutions 
they will obtain from their calculations. 



1. 617 



11 

m 
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Figure 12. Roof section 

Figures 13 and 14 show a plan of the roof and a diagram 
indicating a triangle in a vertical plane through the hip rafter, 
both of which are useful for indicating the calculations which 
are to be made. 




Figure 13. Plan 
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Figure 14. Plane of the hip 

SOLVING 

One of the acceptable methods which the students might use to 
calculate the lengths is described below. 

Length of common rafter 




hali 6p€Ufi m] 



^v. (pitch) = half span 

common rafter length 

so cos 30 = 2.8 

common rafter length 

so common rafter length = 2. 8 

cos 30 

3.233 m 
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Rise of roof 



tan (pitch) 



so ci^e o£ coo£ 



Length of hip rafter 



rise of roof 
half span 

half span x tan 30 
2.8 X tan 30 
1.617 ra 



hip fuiitiJi Ungth 




Isjigth on ptan hip 



U617 m 
IX) 



length on plan of hip 



( A-^ + b2 ) 



= / ( 7. 



84 + 7.84 ) 



/ ( 15.68 ) 
3.960 m 



length of hip rafter = ^ ( ^ ) 



Area of tiles 



area 



y/ { 1.6172 + 3.9602 ) 
/( 18.296 ) 
4.277 in 

C X (S + R + L) 

3.233 X (5.6 + 3.4 + 9.0) 

58.2 sq. metres. 
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INTERPRBTIH6 



The first important facet of the interpretation stage is to 
recognise the limitations of the model* From a careful 
consideration of Figure 4 it can be seen that the calculated 
length does not take into account timber wasted in cutting the 
foot of the rafter, nor does it allow for the reduction in the 
rafter length by half the ridge thickness. If there is a need to 
calculate the dimensions of the finished rafter, a different 
mathematical model, based on a diagram such as Figure 4 should be 
used. However, it is not necessary to calculate this as it is 
usually more convenient to use methods based on direct 
measurement for the marking and cutting process. 

The other important facet of the interpretation stage is the 
estimation of the answer. This enables some mathematical errors 
to be de teeters. It gives the student confidence that the answer 
is reasonable. For example, the roof area may be estimated. 
From the diagrams, it can be seen that the plan of the roof is 9m 
long by 6m wide approximately, so 58 square metres is a 
reasonable roof area. The current fashion is to have the 
students estimate before they calculate, hoping that they will 
not omit the estimation. The risk in this is that they will not 
see any need to calculate. 

ANALYSIS OF THE MATHEMATICS 

The mathematical facts, skills, strategies and concepts which the 
students will need should be listed next. An example follows. 

Facts 

The facts which the students are to learn include: 

the definitions of the terms, for example 'pitch'; 

the definitions of all trigonometric ratios used, for 
example sine, cosine and tangent; 

the definition of the ratio of two lengths; 

the names used to describe the sides of a triangle relative 
to a particular angle; 

the formula of Pythagoras' theorem. 
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Skills 

The skills which the students are to develop include: 

finding the ratio of two lengths; 

calculating the sine, cosine or tangent of an angle from a 
triangle; 

• finding the sine, cosine or tangent of an angle with tables 
or an electronic calculator; 

algebraic operations for solving an equation; 

• finding squares and square roots with tables or calculators; 

• solving triangles using Pythagoras' theorem; 

• calculating by hand or with a calculator; 

• substituting particular values in an equation; 
finding an estimate of the approximate answer. 

Strategies 

The strategies which the students are to develop include: 

• progressively simplifying the diagrams of the job to select 
a suitable mathematical model; 

• selecting Pythagoras' theorem if 2 sides are easily obtained 
by measurements or from a plan; 

selecting a trigonometrical method if an angle and one side 
are known or easily obtained; 

. selecting the easiest way to solve an equation; 

• selecting the method of arriving at the most accurate 
estimate of the answer. 



Concepts 



There are several concepts involved. These include the bodies of 
knowledge about: 

roof geometry 

arithmetic 

finding angles and sides of triangles 
areas of surfaces 
technical drawing and sketching; 
interpreting solutions in terms of the job. 
LESSON PLANNING 

The roofing topic would probably be taught as a sequence of 
lessons. In each lesson, a short introductory example relevant 
to the trade could be used to place the machematics in a context 
which the students will see as being of some use to them. The 
example should illustrate where the mathematics is used in trade 
applications. If the subject matter for one lesson was the use 
of Pythagoras* theorem to find the length ot the hip rafter, the 
example used might be based on the relationship: (length on plan 
of hip)2 + (rise)2 s (length of hip)2 

REVIEW 

If the group was small, the students' prior knowledge could be 
evaluated by oral questioning. Students would be asked: 

to find the squares and square roots of numbers using a 
calculator, using tables, or by whatever method is 
preferred; 

to explain what squares and square roots mean using a 
geometrical example; 

to state the theorem of Pythagoras. 

This material would be taught if it was found that the students 
did not understand what they were doing. 



46 5 0 



FACTS AND SKILLS 



Firstly the fact of Pythagoras' theorem might be presented. 

c2 = a2 + 



or c a y/{ a^ + b^ ) 

Secondly r the skills involved in calculating c given values for a 
and b would be learned. For example, students might practice 
calculations such as: 

c = y/{ 3^ + 4^ ) = >/( 9 + m = 5 

The INSTRUCT, RECORD, APPLY methodology would be used. Each item 
which is not familiar to the students would be explained in terms 
of their prior knowledge, recorded in their own terms and 
practised. The evaluation conducted for . each fact or skill 
should be designed to detect students memorising facts without 
understanding them. 

CONCEPTS 

The concepts listed above would be presented next using the 
methodology 

WORKSHOP EXPERIENCE ^ m DISCUSSION & ANALYSIS; 

and represented and reinforced using the methodology 

GENERALISE ► RECORD ►APPLY. 

Students who need concept development activities might be 
presented with a variety of learning resources. For example, 
Pythagoras' theorem would be discussed and explained in terms 
familiar to the students initially using concrete examples such 
as that illustrated in Figure 15. Alternatively site visits or 
workshop equipment may be used to assist in the development of 
concepts such as knowledge of roof geometry. 
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Figure 15. Concrete example 



An excursion or site visit would be a suitable activity for a 
pre-vocational group to familiarise students with various general 
or specific features of roofing. For * example , a walk around the 
local district to observe roof shapes and styles might be an 
appropriate beginning activity. The same, or a later excursion, 
might be used to observe a variety of roofing materials, 
claddings and accessories such as gutters, spouting, down-pipes, 
facia boards, ridging and cappings. 

Subject to the availability of suitable venues, visits would be 
arranged to sites where: 

work is in progress in roof construction; 

work is in progress on re-covering an old roof; 

preparations are under way for a roof construction job; 

unusual roof constructions or uncommon materials have been 
used ; 

specific features of rools are clearly demonstrated. 

Site visit resources such as excursion notes, on-site training 
manuals, checklists and evaluation sheets should be used to 
prepare the students for the excursion, and to help them to 
record and systematise the information gained during the visit 
and afterwards. 
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The TAPE lecturer should use classroom or workshop devices such 
as: 



aim, slide packs ^ video tapes or photographs depicting a 
variety of roofing styles , approaches to construction or 
materials; 

a mixture of global views and close-up photography; 
enlarged technical drawings; 

model roof constructions built to scale in wood, aluminium, 
steel or plastic; 

the Wooden Cube with coloured strings and name tags; 

refinements of the Wooden Cube with interlocking rods and 
blocks to show cable ends, hips and valleys; 

computer simulations and graphics aligned to the technical 
drawings; 

calculators; 

drawing instruments. 

Each experience session should be followed by a discussion 
session or by the provision of a solution to the exercise 
involved. 

When students are familiar with the concept of applying 
Pythagoras' theorem to triangles in a roof they should be 
required to complete assignments such as: 

. illustrating the applications of the mathematics on a 
perspective drawing; 

calculating the required lengths; 

. constructing a scale size structure of a roof. 

STRATEGIES 

The strategies could be taught by working realistic examples. 
These should review the whole topic as well as illustrate the 
strategies used. Students might be encouraged, during this 
review period, to investigate alternative methods of arriving at 
an answer. In this way, students should gain an insight into 
their strengths and weaknesses and be able to select the most 
favourable strategy for solving problems. 
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roc tia^pl«» tb« strategy of Mltoting Pythagoras* thsorsm rathar 
thM a tcigonoMtrlcal formula might ba prasantad. Studanta 
would ba glvan an aasignmant ahaat containing aavaral axamplaa, 
only half of which could ba aolvad aaaily uaing Pythagoraa' 
thoocam. 

Following auch an invaatigation, atudanta would work a complate 
axaapla starting with information givan on a plan or parapactiva 
drawing. This might ba uaad for aaaaaamant if it waa conaidarad 
appropriate to aaaaaa at thia particular point in tha couraa. 



CHAPTER BIGHTl BLBCTRICAZ. APPLICATIONS 



The material in this chapter will be of interest to two groups o£ 
teachers: 

1. Those who teach or have an interest in electrical 
applications; 

2. Those seeking further explanation of the ideas expressed in 
Chapters 1 to 6. 

It is suggested that teachers read whichever of Chapters 7, 8 or 
9 most closely xesembles the subject they teach. 

In this chapter, the problem of calculating the current flowing 
in a parallel circuit is considered. The modelling, solving and 
interpreting stages are identified. The mathematical facts, 
skills, strategies and concepts are identified and discussed. 
One method of teaching the mathematics involved in the topic is 
outlined. 

CONTEXT 

The examples used should be related to the area of interest of 
the students. Typical voltages and types of circuits should be 
used. Applications which are likely to be encountered by the 
students in their practical work should be selected. 

ANALYSIS OF THE TASK 

The modelling, solving and interpreting stages which the students 
are to follow should be specified next. In the following 
sections an example is used to illustrate how this may be 
achieved. 
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MODBLLING 



The electrical situation is modelled as a circuit diagram. I£ an 
additional step is required, it may be modelled £irst as a system 
o£ plumbing as shown in Figure 16 • 




fxvuiUU 



aimtt&A. 




imcdU 



Figure 16. Liquid model o£ circuit 
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SOLVING 



I£ the context for the problem is a 12 volt system containing two 
filaments in parallel, a suitable method of finding the current 
flowing might be as follows* 



12 ohm 



12 voU 




I amp 



V ( _i 

Rn 



_1 ) 
R2 



where: 

I is the current drawn when both 

filaments are working; 
V is the voltage, in this case 

12 volts; and 
R^r R2 are the resistances of the 
two filaments. 



I = 12 ( JL 
12 



J, ) 
24 



= 1.5 (by calculator, or division and addition) 

Alternatively, students might use the strategy of adding the 
currents flowing in the two branches. For example: 



so 



I 


= 11 


+ 


12 


I 


V 


+ 


V 








R2 


I 


= 12 


+ 


12 




12 




24 


I 


= 1.5 







These two strategies are mathematically equivalent since: 



V ( _1 



_1 ) 
R2 



_v 



_v 
R2 
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INTERPRETING 



To relate this answer to the practical situation, the students 
must be aware of the reasons for wanting to calculate the current 
flowing in the circuit. They might draw conclusions about the 
type of wire required for the circuit, the size of fuse which 
should be fitted, or the type of switch to be used. 

The second part of the interpreting process is the estimation of 
the answer to check the accuracy of the calculations. From the 
definitions of resistance and of the unit (the ohm), the students 
should be able to estimate the current drawn by one motor to be 1 
amp, and that drawn by the other to be 0.5 amp. Hence, 1.5 amps 
would be accepted as a reasonable answer. 

ANALYSIS OF THE MATHEMATICS 

The facts, skills, strategies and concepts which the students 
need are listed next. An example follows: 

Facts 

The mathematical facts which the students are to learn include: 
un:ts, such as arnere, volt, and ohm; 

notation used, such as the 'is proportional to sign, and 7/2 
for the reciprocal of 2/7. 

Skills 

The mathematical skills which students are to develop include: 
transposing; 

drawing circuit diagrams; 

arithmetical processes, particularly the calculation of 
reciprocals. 

Strategies 

The strategies which might be used to solve the problem include: 

using a circuit diagram to assist in selecting the best 
method of solving; 

adding the currents flowing in the branches; 

calculating the combined resistance of the two motors as the 
first step. 
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Concepts 



The concepts which are involved include: 
knowledge about direct proportion; 

knowledge about circuits, including the use of a circuit 
diagram as a model of the circuit; 

• knowledge about DC; 

knowledge about resistors. 

LESSON PLANNIH6 

This topic might be taught in a single session or in a sequence 
of lessons depending on the background and ability of the 
students. The topic should be introduced in the context of the 
particular trade concerned. For example , if an automotive 
electrical course is the context, an example from a motor vehicle 
should be used and the topic should be approached using a 12 volt 
direct current circuit. 

Review 

In a small group, the students* prior knowledge would be 
evaluated by oral questioning. For a larger group, where a test 
was used, students* answers would be further investigated by oral 
questioning in cases where there was a possibility that the 
students might not really understand the topic. 

Any of the material which the students do not understand from 
school should be presented. Care should be taken to present the 
information in a context which will enable, the students to 
appreciate how it is used in the trade. 

Facts and skills 

The facts and skills which are not known would be presented 
first. For example, students might need discussion of the 
symbols used in trade areas which are not taught in school. The 
skill of using these to draw a circuit diagram follows logically. 
The REVIEW ►INSTRUCT — ►RECORD — ►APPLY method is used. 
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Concepts 



The concepts would be taught next. The concept development 
process might consist of alternate WORKSHOP EXPERIENCE and 
DISCUSSION. To investigate the concept of DC, for example, 
students would be required to investigate first the direct 
proportionality between EMF and current using equipment such as 
that described in Figure 17. 



If time permitted exercises might include: 

increase the EMF, observe the current, draw a graph; 

double the EMF, observe the change in current; 

observe the current for three different values of EMF, 
calculate V/I. 

In the discussion sessions a concrete basis for the understanding 
of the relationship is developed. Students should intuitively 
understand that: 

doubling V causes I to double; 

hence V/I is always the same value; 

the fact that this value is called the resistance. 

When this concept has been developed, it may be GENERALISED and 
RECORDED as: 





0 



Figure 17. Workshop equipment 



that is 
hence 



so 

and 

or 



V is directly proportional to I; 

V o< I 

V/I is a constant 
V/I = R 

V = IxR 

V = Rxl. 
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During the RECORDING o£ this relationship, the units should be 
introduced and discussed. In this particular topic, the units 
have been considered from the beginning, as the voltmeter and 
ammeter were used in the workshop sessions. Simple examples to 
consolidate the understanding o£ Ohm' s law could be worked at 
this point. The TAPE lecturer should design the exercises 
carefully so that the students must explain at least one problem 
fully in their own words. Technical terms could be used where 
these help keep the explanations, given by the students, in 
context. 




50 okm 



300 ohm 




100 ohm 



'200 ahjn 



Figure 18. Parallel resistors 

When the concept of resistance is being developed, students might 
be required to investigate the properties of various combinations 
of resistors using a multi-meter. 

The WORKSHOP EXPERIENCE-^IlS^ DISCUSS ION & ANALYSIS method is used. 

For example, by finding the combined resistance of components 
such as these shown in Figure 18 students can conclude that: 

the combined resistance is less than either of the single 
resistances; 

the combined resistance of 3 equal components is 1/3 of the 
resistance of each component; 



. the combined resistance is found by using reciprocals, for 
example : 



1 

300 



+ _1_ 
600 



This can be generalised and recorded as the formula: 



_1 + 
R2 



• « • 



1 
200 



1 
R30 



The students would then apply this formula to some practical 
exercises. 

Strategies 

The strategies would be discussed next. The students might be 
encouraged to make the connection between parallel resistance and 
Ohm's law by theoretical investigations, such as the following, 
if their background knowledge was sufficient. 



i 



t [combinzd KUJUtantt] 



: 



Figure 19. Combined resistors 
From the curcuit shovm in Figure 19 it can be seen that: 



so, using Ohm's law 
and dividing by V 



or 



I 
I 



1 
V 

1 
R 



V + 



1 + 



1 + 



_V 
R2 

R2 

_\ 
R2 
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From a mathematical investigation, such as this, the students can 
understand the strategy of first finding the combined resistance 
of the parallel section of the circuit and then using Ohm's law 
to find the current. 

After they have done this they will understand the formula 
I « V{_1 + _1) which was used for calculating the current, 
Rl R2 

Informal evaluation procedures should be used to test the 
students' understanding of the idea that this formula is a 
statement of Ohm's law. A complete exercise should be worked to 
illustrate the use of the strategy, and the students should then 
have adequate practice at solving problems relevant to their 
trade. 



•1 o 



59 63 



CHAPTER NINE: FOUNDRY APPLICATIONS 



The material in this chapter will be of interest to two groups of 
teachers: 

1. Those who teach or have an interest in foundry; 

2. Those seeking further explanation of the ideas expressed in 
Chapters 1 to 6. 

It is suggested that teachers read whichever of Chapters 7, 8 or 
9 most closely resembles the subject they teach. 

CONTEXT 

Metallurgists may be required to calculate the amounts of various 
metals and alloys which have to be melted to produce an alloy of 
specified composition. For example, ferro-manganese contains 70% 
manganese and 7% carbon. Pig iron contains 4% carbon. These are 
to be added to 5000 kg of mild steel to raise its carbon content 
from 0.2% to 0.3% and to raise its manganese content from 0.4% to 
0.7%. The amounts of ferro-manganese and pig iron which must be 
added are to be calculated. For this application, the modelling, 
solving and interpeting stages are identified. The mathematical 
facts, skills, strategies and concepts are identified and 
discussed. One method for teaching the topic is outlined. 

ANALYSIS OF THE TASK 

The modelling, solving and interpreting stages which the students 
are to follow should be specified next. An example follows. 

MODELLING 

Students might use the method of choosing variables to represent 
the number of kilograms of ferro-manganese and pig iron required. 
For example: 

X is the number of kilograms of ferro-manganese required; 
y is the number of kilograms of pig iron required. 
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The relationships between these variables then provide a 
mathematical model o£ the problem. For example, students might 
make the assumption that the amount o£ carbon remains constant 
during melting, so: 

(0,2% of 50000kg) + (7% of x kg) + (4% of y kg) » 0,3% of 
(5000 + X + y) kg 

(0.4% of 5000kg) + (70% of x kg) = 0,7% of (5000 + x + y) kg 

The mathematical model of the situation can then be seen to be 
the pair of equations; 

(0.002x5000) + 0.07X + 0.04y = 0,003 (5000 + x + y) 
(0.004x5000) + 0.70X = 0.007 (5000 + x + y) 

SOLVIHG 

One strategy which students might vise to solve this pair of 
equations simultaneously is to eliminate one of the variables 
after writing the equations in the same form. 

The equations become: 

0.067X + 0.037y = 5 using the distributive and cancellation 

principles 
0.693X - 0.007y = 15 

or 0.067X + 0.037y = 5 

3.663X - O.C37y = 79.286 

so 3.730X = 84.286 

X = 84.286 
3.730 

X s 22, SSI by repeatedly using the cancellation 

principle 

and y = 94.217 by substituting the value 22.597 for x. 

IMTEBPRBTIN6 

To interpret this solution, the students must recognise from the 
model that x is the number of kilograms of ferro-manganese and 
that y is the number of kilograms of pig iron needed. Hence 
22.597 kg of f erro-manganese, 94.217 kg of pig iron and 5000 kg 
of mild steel are to be melted. 
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The students must also examine the assumptions made during the 
modelling' stage. I£ It is not reasonable that the amount of an 
element should remain constant during the melting process, the 
model must be changed to allow £or losses due to oxidation. 

The students should estimate the answer to check on the 
feasibility o£ the answer calculated. For example, the amount of 
manganese required might be estimated to be 0.3% of 5000, that is 
15 kg. Since f erro-manganese is only 70% manganese, about 20 kg 
of this alloy is needed. The ferro-manganese provides about 2 kg 
of the carbon required. Hence, the pig iron must provide the 
remaining 3 kg. This means that the amount of pig iron required 
is about 75 kg since it contains 4% carbon. In this fashion, the 
answers which were calculated are seen to be reasonable. 

ANALYSIS OF THE MATHEMATICS 

The facts, skills, strategies and concepts which the students 
need are listed next. An example follows. 

Facts 

The facts which the students are to learn include: 
the definition of percentage; 

conventions of the Cartesian co-ordinate system; 
decimal place values. 
Skills 

The skills which the students are to develop include: 
converting percentages to fractions; 
• drawing graphs of relations; 

algebraic operations used in solving; 
calculating by hand or with a calculator. 



O 63 

ERIC 66 



strategies 



The strategies which the students are to learn include: 

solving two equations by elimination of a variable; 

using the assumption that the amounts of carbon and 
manganese remain constant during melting, as the basis of 
the equations which model the situation. 

Concepta 

The concepts which are involved include: 

knowledge about modelling a situation as a set of equations; 

knowledge about interpreting the solution; 

knowledge about solving equations. 
LESSON PLANNING 

The students might be motivated by emphasising the ef fort*saving 
aspects of the calculation approach, and by showing them a 
completely worked example. Their prior knowledge of the 
material, which will be needed for them to understand the new 
topic, should be evaluated. This may be done by discussion or by 
a short test containing items such as those illustrated in Figure 
20. 
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Question 1. Mrit« it frtetionti 



15% 



Question 2. 
Question 3. 
Question 4. 

Question 5. 
Question €. 



Complete 
Divide 



xt - 

0.002 X 5000 ••• 200 - 
0.35 by 1000 • 



Question 7. 



Write £^ IS 1 decimal fraction. 
100 

Remove brackets from 2 (x 3) 
Solve for X and yt 

2x ^ y ■ 5 X ■ . 

2x - y - 3 y ■ . 

Solve for X and yi 

3x •*• 3y - 6 
X •♦• y - 2 
explaining your answers with a graph 



riguce 20. Test 

If these items indicate that the .prerequisite knowledge is 
lacking, it should be taught to the students before proceeding 
with new topics. The new material would then be presented if the 
students were not already familiar with the new topic. 

Firstly, the facts and skills would be presented using some 
examples. Students should become cosqpetent at skills such as: 

. converting 0.53% to 0.0053; 

. simplifying 3 •!> 2x - 4(x - 2) to 2x « 11; 

. transposing linear equations such as 2x - 3 « 4; 
. writing equations in the same form; 

• eliminating variables between pairs of equations of the same 
form; 



calculating, by band or with a calculator. 
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The RI^VIEW, INSTRUCT, RECORD, APPLY method is used 



Secondly, the concepts are presented. 

Concrete practical exercises such as plotting graphs and 
substituting values in equations may be used to illustrate the 
concept of a simultaneous solution. 



For example, students might be required to draw the graph o£ the 
relation 



and observe that the points (1,2), (2,3), (3,4) and other points 
are solutions to the equation. 

Then, they could draw the graph o£ the relation: 



and observe that the points (3,2), (2,3), (1,4) and other points 
are solutions to the equation. 

From the two graphs, they would be able to observe that: 
point (2,3) lies on both lines; 

X » 2 and y ^ 3 is the only pair o£ values which satisfies 
both equations. 

The concept of simultaneous solutions might then, if time 
permits, be discussed in geometrical terms at the same time as 
the solution in Figure 21 is provided for the students. 



The WORKSHOP EXPERIENCE^ 
used. 



roiSCUSSION & ANALYSIS method is 



y ■ X + 1 



y » 5 - X 
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Figure 21. Geometric solution 

Students must then GENERALISE and RECORD their concept 
graphically. They would be provided with a summary such as the 
one illustrated in Figure 22. 



One Solution 



No Solution 



Many Solutions 






Figure 22. Summary 



The students would then APPLY their knowledge to a complete 
example involving the solving of simultaneous equations. 
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strategies 



Following this^ one or more of the strategies for solving pairs 
of equations would be presented. Students might be shown the 
strategy of eliminating a variable by adding, the strategy of 
eliminating a variable by substitution, or a graphical strategy 
for solving equations. 

If one of these strategies has been learned by the students at 
school, a change in strategy at this stage would be unnecessary 
and possibly confusing. Hence, students could be given several 
pairs of equations to solve using a method of their own choosing. 
More able students should learn and compare all of these 
strategies if time permits. 

Finally students might be tested using a set of .practical 
problems which would require them to solve simple linear 
equations of the type just discussed. 
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APPENDIX: THE RESOURCE WEDGE 




REAL OBJECTS^ 
(buildings, cofnponents, wiring harness,..) 

FILMS^VIDEO-TAPES OF REALS^JECTS 

PHOTOGRAPHS AND REALISTIC DRAWINGS 



MODELS AND CONSTRUCTION KITS 



REALISTIC COMPUTER GRAPHICS 



TECHNICAL DRAWINGS 
(perspective views, isometric views, plans,..) 



WRITTEN SPECIFICATIONS, VERBAL REQUESTS 

QUESTIONS 



AND 



WRITTEN 



TABULATED DATA, GRAPHS, CHARTS, HISTOGRAMS 
NUMERICAL kV.D SYMBOLIC REPRESENTATIONS 



The Resource Wedge depicted above, attempts to group resource 
types in a hierarchy based on their degree of concreteness or 
abstraction. The resource types listed lower in the wedge are 
seen to be more abstract than those near the top. It is 
suggested, therefore, that when new facts, skills, strategies or 
concepts are being introduced, resources should be choseh from 
the upper levels in the interests of the students' understanding. 

NOTES: 

1. The lower down the wedge, the more abstract are the ideas as 
a general rule. 

2. The lower down the wedge, the greater is the variety of 
resources which are needed to achieve good results. 

3. The nearer the apex or top of the wedge, the greater is the 
potential for language development and concept formation. 
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4. The learning activities and experiences nearer the top of 
the wedge are £ar less likely to: 

a) disadvantage students with restricted ranges of prior 
experience, 

b) cause confusion through inappropriate terminology and poor 
language skills, 

c) cause mismatching of ideas with real objects in the trade 
con text, 

d) cause misconceptions, incorrect ideas or misused 
terminology, 

e) suffer from ambiguity or misinterpretation by the TAPE 
lecturer and student, 

f) cause perceptual difficulties and learning disorders. 

5. Learning based on experiences near the top of the wedge is 
much more likely to: 

a) promote effective thinking, 

b) promote appropriate and correct terminology and language, 

c) promote imagination, insight and initiative, 

d) promote 'problem-solving * skills in both the developmental 
and applications stages, 

e) provide useful evaluation situations which will enable the 
lecturer to develop more insights into the levels of 
knowledge, comprehension and application attained by 
individual students. 
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